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Abstract: A post-prescription review and feedback program was implemented as an antimicrobial
stewardship intervention in Lebanon as the country grappled with complete economic collapse, the
COVID-19 pandemic, and a large blast in Beirut. We describe the implications of antimicrobial use in
disaster preparedness and crisis situations, the sequelae related to increasing antimicrobial resistance,
and our lessons learned in Lebanon. We explore opportunities and potential solutions for future
disaster preparedness.
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Antimicrobial resistance (AMR) is a serious threat to global health, costing health
care systems over USD 20 billion [1] and is anticipated to result in the death of 10 million
people per year by 2050 [2]. In 2019 alone, there were an estimated 1.27 million deaths
attributable to AMR [3]. As the global crisis of AMR continues to spread, there is an urgent
need for antimicrobial stewardship (AMS) and AMS programs (ASPs). The global burden
of infectious diseases is disproportionate and will create a devastating impact across lowand middle-income countries (LMICs) [4]. Within LMICs, the threat of antibiotic overuse
has been affected by issues of access, oversight of prescription, and lack of diagnostic tools
to support de-escalation. Antibiotics have effects far beyond the patient and individual,
as antibiotics contaminate meat and poultry for human consumption, and seep into water
sources and agriculture [4]. In the Middle East and North Africa (MENA) region, the
social, political, and economic environments vary widely from one another, and major gaps
exist with regard to healthcare expenditure and budgeting. For most MENA countries,
antimicrobials are available over the counter, and prescription regulation in the community
setting is nearly absent [5]. A lack of adequate facilities and comprehensive surveillance
programs, coupled with conflict and civil unrest, has led to a six-fold increase in resistance
rates since AMR surveillance data began in this region in 2017 [5]. In Syria, for example, a
surge of AMR was noted after the onset of several political and economic issues [5]. This was
coupled with an alarming increase in the burden of all infectious diseases among Syrians,
including outbreaks of measles, poliomyelitis, hepatitis A, bacterial meningitis, and typhoid
fever [6]. Among Libyan war casualties, the prevalence of multidrug resistant organisms
(MDROs) was 59%, and extended spectrum B-lactamase-producing Enterobacterales were
the most common [7]. In the MENA region, there is a striking incompatibility between the
extent of the problem, and the actions being taken [8].
Outpatient antibiotic treatment and stewardship is equally as important as inpatient.
In the outpatient and community setting, self-medication due to the availability of overthe-counter antibiotics has been a real threat to stewardship as well [9,10]. Outpatient
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management of antimicrobial prescribing is non-controllable in many regions in the Middle
East. In Lebanon, most outpatient antibiotic prescriptions are broad spectrum, including
quinolones and amoxicillin-clavulanate [11]. Patients who access these antibiotics without
a medical prescription do so through auto-medication and dispension of antibiotics by
pharmacists, and in one study, just 30% of cases had a true indication for antibiotics [11].
Prior to the pandemic, the number of MDRO infections in the community in Lebanon was
readily becoming a concern. In one study, the prevalence of MDR Enterobacterales fecal
carriage among elderly nursing home residents was 76.5%, a result which was relatively
high when compared to similar studies conducted worldwide [12] (for example; 70.3% in
Italy [13], 41.3% in Japan [14], and 14.7% in Australia [15]. Among the pediatric community,
one study revealed that 34.5% of healthy pediatric patients were found to carry extendedspectrum beta-lactamase producing Enterobacterales [16]. These rates of resistant carriage
are considerably elevated and uptrending; as shown in one Lebanese study, rates of
carbapenem resistant Klebsiella pneumoniae had doubled in 2017 [17].
As part of initiatives to reduce AMR and implement ASPs, a post-prescription review
and feedback program (PPRF) was built in a tertiary health care facility in Lebanon where
baseline, intervention, and post-intervention data were collected. Over the course of the
24 months of this program, the country and people of Lebanon underwent a number of
different crises, from the fall and eventual collapse of the Lebanese economy, to the waves of
hospitalizations and severe disease from COVID-19, a shortage of healthcare providers, and
the devastation of the Beirut blast, which was one of the most powerful explosions in the
world after Hiroshima and Nagasaki [18]. The concurrent timeline with the PPRF project
provided a unique opportunity to observe how prescription antimicrobials were affected
by these crises. The type of antimicrobial agent clearly differed significantly between
phases. Through the intervention period, there was a reduction in use of carbapenems
due to stewardship efforts. However, in the post-intervention period, which occurred
during a time of devastating shortages related to the COVID-19 pandemic and economic
collapse, there was noted to be an increase in cephalosporin and carbapenem use when
compared to the baseline period, and an increase in aminoglycoside use in the postintervention period when compared to the intervention period. This was a direct result
of significant shortages in the pharmacy, leaving providers to only prescribe what was
readily available. This economic turmoil greatly affected AMS in Lebanon, as evidenced in
our study. This, coupled with a number of political issues, has led to changes in stocks of
antimicrobials from brand to the lowest priced generic product, which may not necessarily
be approved for use by governing bodies. The source of these pharmaceuticals may not
always undergo the same rigorous quality assurance testing to validate pharmacokinetics
and pharmacodynamics, resulting in the possibility of inadequate tissue penetration of
multidrug resistant organisms. Following the chaotic prescription of antimicrobials induced
by the economic collapse, there has been a delay in observing the subsequent resulting rates
of carbapenem resistant organisms (CROs), which this group intends to observe and report.
In addition to issues with the stockpile of antimicrobials and other therapeutics,
the hospitals faced critical shortages of diagnostic tools, including rapid tests such as
hemo-glucometers. For several months, some facilities lacked intravenous contrast for CT
scanning. From an antimicrobial stewardship standpoint, blood culture bottles, bacterial
agar and culture plates, and antibiotic micro-dilution tests are also currently facing critical
shortages. These shortages have resulted in less readily available microbiologic data for
patient care—thus, resulting in more empiric antimicrobial therapy. Today, for example, a
patient who presents with fever and chills is likely to receive broad spectrum antimicrobials
without de-escalation of antibiotics due to the absence of necessary microbiologic data. In
such challenging situations, physicians aim to reach the correct diagnosis with minimal
tests and imaging, relying on clinical data as is frequently done in other low- and middleincome countries [19]. These events all begged the question—what is the role, if any, of
antimicrobial stewardship teams in disaster preparedness and crisis situations?
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In the event of a disaster, large quantities of pharmaceutical and medical supplies
may be required with little to no warning. The WHO expert advisory panel recommends
182 antimicrobial medicines on its “Essential Medicines List” for preparedness. However,
pharmaceutical surge capacity is a well-established gap in disaster preparedness [20]. The
pandemic lockdowns notably disrupted production, supply, and distribution of medications and changed the stockpile of drugs around the world. When it comes to preparedness,
many institutions do not have a dedicated reserve for disaster events. In one report from
Maryland, US, 92% of surveyed hospitals had assessed pharmaceutical inventory with
respect to biologic agents, and only 64% had reported an additional dedicated reserve
supply for biological events, 67% for chemical events, and 50% for radiological events [21].
Hospitals generally remain underprepared for chemical, biological, radiological, nuclear,
or explosive attack—and limited supplies of antibiotics for treatment exist [20]. Mass
gatherings, though less frequent in the post-COVID era, are also public health issues
that command disaster preparedness for hosting cities and countries. These events have
the potential to transmit many communicable diseases, frequently compounded by water/sanitation issues. Thermal disorders, stampedes, trauma/crush injuries, and terrorist
incidents are potential crises that could arise [22].
Hospital and healthcare facilities are only one component of a coordinated response
for disaster management, but they do represent a critical link in the system [23]. The Syrian
conflict, which started in 2011, has produced one of the largest refugee crises in modern
times, and Lebanon is a home for more Syrian refugees per capita than any other country in
the world [24]. These migrant populations may be uninsured or experiencing poverty, and
are less likely to seek care unless severely ill, increasing the acuity of patients presenting to
hospitals in disaster situations [23]. This can be intensified by the limited number of trained
medical professionals due to emigration [25], and some testing may be outsourced due to
unavailability of lab resources, or due to the exodus of skilled laboratory staff [5]. During
the Syrian civil war, over 60% of hospitals and clinics were destroyed, approximately
700 medical staff were killed, and thousands more fled to neighboring countries [26]. In
times of crises, this exodus of highly skilled workers directly impacts the ability to deliver
emergency responses. A failure to train hospital members broadly when planning for
disaster can be further exacerbated by these shortages of healthcare personnel. Staffing
thus becomes a key essential element for expanding surge capacity and preparedness, in
addition to infrastructure and supplies [23].
During the initial surge of the COVID-19 pandemic, many countries violated the
International Health Regulations of the WHO by barring exports of medical supplies in
order to prevent the virus from spreading within their own borders [27]. Hindsight has
clearly shown this self-over-other strategy has been an ineffective way to address disaster
preparedness. An innovative strategy for supply chain management is needed to protect
the supply of essential medicines that includes antimicrobials [28]. One potential solution
that has been suggested has been to work with local community organizations, including
schools and religious buildings to identify potential sites for patient treatment, as well as
an area for storage of supplies and equipment [23]. In addition, mutual aid agreements
between neighboring hospitals, communities, and countries can help estimate collective
capacities, assisting in sharing personnel, equipment, and supplies according to need.
A number of potential solutions are possible when planned in advance. These strategies must be considered now, before the next crisis inevitably occurs. Taking into account
cost and political climate will help to achieve a level of “meaningful preparedness” [23].
AMS should be a priority of all health ministries, best strategically implemented in a
healthy nation in collaboration with healthcare institutions and public health bodies. The
stewardship team certainly has an important role to play in crisis preparedness—the aggressive de-escalation of a single dose of unnecessary antimicrobial can indeed help preserve
the medication in situations of limited stock. Building up ASPs across hospital sectors
and community pharmacies can help reduce inappropriate antimicrobial use, not only
for reducing AMR, but to improve surge capacity and preparedness [28]. The role of the
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pharmacist within the AMS team is especially important, as they are experts in medication
procurement, storage, compounding, and dispensing [29], and thus can develop alternate
treatment plans while awaiting stockpiles during a surge. Furthermore, in the context
of limited physician access, patients often seek the services of community pharmacists
directly, which was shown to be an important opportunity to increase public awareness
of AMR in a study in Italy [30]. Investing in adequate staffing to expand hospital surge
capacity as needed, ensuring adequate AMS training for personnel, and securing adequate
supplies of antimicrobials will be key to minimizing harm in future disaster situations, both
in Lebanon and globally [27].
It has been said that the resiliency of a healthcare system is most visible, and most
tested, in situations where there is substantial stress and pressure [31]. The world needs to
re-examine its capacity for a global response to disaster situations and implement these
necessary changes now. We must adopt a unifying global target and need higher income
countries to provide logistical, technical, and financial assistance to their neighbors. In
the MENA region in particular, there must be legislative changes in the provision of
over-the-counter antibiotics in order to reduce unnecessary use in the community setting.
Furthermore, there needs to be an emphasis on improving preparedness within public
health sectors and organizations with emphasis on training to deal with future pandemics,
particularly given the clear evidence for increasing AMR worldwide.
Author Contributions: A.S.—manuscript writing and editing. C.L.—manuscript editing. M.Z.—
manuscript editing. M.M.—manuscript writing and editing. All authors have read and agreed to the
published version of the manuscript.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.
3.
4.
5.

6.
7.
8.

9.
10.
11.
12.

Nasr, Z.; Paravattil, B.; Wilby, K.J. The impact of antimicrobial stewardship strategies on antibiotic appropriateness and prescribing
behaviours in selected countries in the Middle East: A systematic review. East Mediterr. Health J. 2017, 23, 430–440. [CrossRef]
[PubMed]
Ababneh, M.A.; Nasser, S.A.; Rababa’h, A.M. A systematic review of Antimicrobial Stewardship Program implementation in
Middle Eastern countries. Int. J. Infect. Dis. 2021, 105, 746–752. [CrossRef] [PubMed]
Murray, C.J.; Ikuta, K.S.; Sharara, F.; Swetschinski, L.; Aguilar, G.R.; Gray, A.; Han, C.; Bisignano, C.; Rao, P.; Wool, E.; et al. Global
burden of bacterial antimicrobial resistance in 2019: A systematic analysis. Lancet 2022, 399, 629–655. [CrossRef]
Bebell, L.M.; Muiru, A.N. Antibiotic use and emerging resistance: How can resource-limited countries turn the tide? Glob. Heart
2014, 9, 347–358. [CrossRef] [PubMed]
Rizk, N.A.; Moghnieh, R.; Haddad, N.; Rebeiz, M.C.; Zeenny, R.M.; Hindy, J.R.; Orlando, G.; Kanj, S.S. Challenges to Antimicrobial
Stewardship in the Countries of the Arab League: Concerns of Worsening Resistance during the COVID-19 Pandemic and
Proposed Solutions. Antibiotics 2021, 10, 1320. [CrossRef]
Osman, M.; Rafei, R.; Ismail, M.B.; Omari, S.A.; Mallat, H.; Dabboussi, F.; Cazer, C.; Karah, N.; Abbara, A.; Hamze, M.
Antimicrobial resistance in the protracted Syrian conflict: Halting a war in the war. Future Microbiol. 2021, 16, 825–845. [CrossRef]
Koole, K.; Ellerbroek, P.M.; Lagendijk, R.; Leenen, L.P.; Ekkelenkamp, M.B. Colonization of Libyan civil war casualties with
multidrug-resistant bacteria. Clin. Microbiol. Infect. 2013, 19, E285–E287. [CrossRef]
Hilal, N.; Fadlallah, R.; Samra, C.A.; El-Jardali, F. K2P Rapid Response: Tackling the Antibiotics Resistance Problem in Lebanon:
A 10-Day Rapid Response. Knowledge to Policy (K2P) Center Beirut, Lebanon. Available online: https://www.aub.edu.lb/k2p/
Documents/K2P%20Rapid%20Response_Antibiotics%20Nov%2016%202015_EN.pdf (accessed on 21 April 2022).
Saleh, N.; Awada, S.; Awwad, R.; Jibai, S.; Arfoul, C.; Zaiter, L.; Dib, W.; Salameh, P. Evaluation of antibiotic prescription in the
Lebanese community: A pilot study. Infect. Ecol. Epidemiol. 2015, 5, 27094. [CrossRef]
Mallah, N.; Badro, D.A.; Figueiras, A.; Takkouche, B. Association of knowledge and attitudes with the misuse of tranquilizers in
parents: A study in Beirut (Lebanon). Psychol. Health 2021, 12, 1–14. [CrossRef]
Choucair, J.; Haddad, E.; Saliba, G.; Chehata, N.; Makhoul, J. Lack of regulation over antibiotic prescription and dispensation: A
prospective cohort in a community setting. J. Infect. Prev. 2021, 22, 289–292. [CrossRef]
Dandachi, I.; Salem Sokhn, E.; Najem, E.; Azar, E.; Daoud, Z. Carriage of beta-lactamase-producing Enterobacteriaceae among
nursing home residents in north Lebanon. Int. J. Infect. Dis. 2016, 45, 24–31. [CrossRef] [PubMed]

Antibiotics 2022, 11, 560

13.

14.

15.

16.
17.
18.
19.

20.

21.

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

5 of 5

March, A.; Aschbacher, R.; Dhanji, H.; Livermore, D.M.; Böttcher, A.; Sleghel, F.; Maggi, S.; Noale, M.; Larcher, C.; Woodford, N.
Colonization of residents and staff of a long-term-care facility and adjacent acute-care hospital geriatric unit by multiresistant
bacteria. Clin. Microbiol. Infect. 2010, 16, 934–944. [CrossRef] [PubMed]
Luvsansharav, U.O.; Hirai, I.; Niki, M.; Nakata, A.; Yoshinaga, A.; Yamamoto, A.; Yamamoto, M.; Toyoshima, H.; Kawakami, F.;
Matsuura, N.; et al. Fecal carriage of CTX-M beta-lactamase-producing Enterobacteriaceae in nursing homes in the Kinki region
of Japan. Infect. Drug Resist. 2013, 6, 67–70. [PubMed]
Lim, C.J.; Cheng, A.C.; Kennon, J.; Spelman, D.; Hale, D.; Melican, G.; Sidjabat, H.E.; Paterson, D.L.; Kong, D.C.; Peleg, A.Y.
Prevalence of multidrug-resistant organisms and risk factors for carriage in long-term care facilities: A nested case-control study.
J. Antimicrob. Chemother. 2014, 69, 1972–1980. [CrossRef] [PubMed]
Hijazi, S.M. Study of the Prevalence of Extended Spectrum B-Lactamase Producing Gram-Negative Bacilli in Lebanese Pediatric
Community. 2016. Available online: http://repository.bau.edu.lb:8080/xmlui/handle/1080/8548 (accessed on 21 April 2022).
Chamieh, A.; El-Hajj, G.; Zmerli, O.; Afif, C.; Azar, E. Carbapenem resistant organisms: A 9-year surveillance and trends at Saint
George University Medical Center. J. Infect. Public Health 2020, 13, 2101–2106. [CrossRef] [PubMed]
Hajjar, M.S.; Atallah, G.M.; Faysal, H.; Atiyeh, B.; Bakhach, J.; Ibrahim, A.E. The 2020 Beirut Explosion: A Healthcare Perspective.
Ann. Burns Fire Disasters 2021, 34, 293–300.
Barros, L.M.; Pigoga, J.L.; Chea, S.; Hansoti, B.; Hirner, S.; Papali, A.; Rudd, K.E.; Schultz, M.J.; Hynes, E.J. Pragmatic Recommendations for Identification and Triage of Patients with COVID-19 in Low- and Middle-Income Countries. Am. J. Trop. Med. Hyg.
2021, 104 (Suppl. S3), 3–11. [CrossRef]
Hsu, E.B.; Casani, J.A.; Romanosky, A.; Millin, M.G.; Singleton, C.M.; Donohue, J.; Feroli, E.R.; Rubin, M.; Subbarao, I.; Whyne,
D.M.; et al. Are regional hospital pharmacies prepared for public health emergencies? Biosecur. Bioterror. 2006, 4, 237–243.
[CrossRef]
Hsu, E.B.; Casani, J.A.; Romanosky, A.; Millin, M.G.; Singleton, C.M.; Donohue, J.; Feroli, E.R.; Rubin, M.; Subbarao, I.; Whyne,
D.M.; et al. Critical assessment of statewide hospital pharmaceutical surge capabilities for chemical, biological, radiological,
nuclear, and explosive incidents. Prehosp. Disaster Med. 2007, 22, 214–218. [CrossRef]
Memish, Z.A.; Steffen, R.; White, P.; Dar, O.; Azhar, E.I.; Sharma, A.; Zumla, A. Mass gatherings medicine: Public health issues
arising from mass gathering religious and sporting events. Lancet 2019, 393, 2073–2084. [CrossRef]
Kaji, A.H.; Koenig, K.L.; Lewis, R.J. Current hospital disaster preparedness. JAMA 2007, 298, 2188–2190. [CrossRef] [PubMed]
Moustafa, M.K.; Al-Hajj, S.; El-Hechi, M.; El Moheb, M.; Chamseddine, Z.; Kaafarani, H.M.A. The Burden of Surgical Disease and
Access to Care in a Vulnerable Syrian Refugee Population in Lebanon. World J. Surg. 2021, 45, 3019–3026. [CrossRef] [PubMed]
Shallal, A.; Lahoud, C.; Zervos, M.; Matar, M. Lebanon is losing its front line. J. Glob. Health 2021, 11, 03052. [CrossRef] [PubMed]
Fouad, F.M.; Alameddine, M.; Coutts, A. Human resources in protracted crises: Syrian medical workers. Lancet 2016, 387, 1613.
[CrossRef]
Wilson, L.A.; Rogers Van Katwyk, S.; Fafard, P.; Viens, A.M.; Hoffman, S.J. Lessons learned from COVID-19 for the post-antibiotic
future. Glob. Health 2020, 16, 94. [CrossRef]
Khor, W.P.; Olaoye, O.; D’arcy, N.; Krockow, E.M.; Elshenawy, R.A.; Rutter, V.; Ashiru-Oredope, D. The Need for Ongoing
Antimicrobial Stewardship during the COVID-19 Pandemic and Actionable Recommendations. Antibiotics 2020, 9, 904. [CrossRef]
Narayanan, N.; Lacy, C.R.; Cruz, J.E.; Nahass, M.; Karp, J.; Barone, J.A.; Hermes-DeSantis, E.R. Disaster Preparedness: Biological
Threats and Treatment Options. Pharmacotherapy 2018, 38, 217–234. [CrossRef]
Napolitano, F.; Izzo, M.T.; Di Giuseppe, G.; Angelillo, I.F. Public knowledge, attitudes, and experience regarding the use of
antibiotics in Italy. PLoS ONE 2013, 8, e84177. [CrossRef]
Alameddine, M.; Fouad, F.M.; Diaconu, K.; Jamal, Z.; Lough, G.; Witter, S.; Ager, A. Resilience capacities of health systems:
Accommodating the needs of Palestinian refugees from Syria. Soc. Sci. Med. 2019, 220, 22–30. [CrossRef]

